A total of 189 infants (93 girls, 96 boys) were investigated longitudinally at ages 4, 8, 12, 18 , and 24 months to examine the effects of soothing techniques (i.e., distracting infants by presenting novel objects) and rough-and-tumble play on the early development of temperament, particularly the emergence of Effortful Control. We used questionnaires to examine the frequency of use of soothing techniques and rough-and-tumble play. The Infant Behavior Questionnaire Revised (IBQ-R) and the Early Childhood Behavior Questionnaire (ECBQ) were used to assess temperament. A strong relationship was found between parental ratings of their infant's Orienting/Regulation and later Effortful Control. Caregivers' use of distracting as a soothing technique during infancy was associated with higher Negative Affect in toddlers at 24 months. More surgent infants were involved in more rough-and-tumble play, with rough-and-tumble play frequencies positively correlated with surgency scores at 24 months.
Introduction
Considerable progress has been made recently in understanding the attention system of the human brain and its consequences for human development. Ruff and Rothbart [1] argued for attention to be seen as part of the mechanisms of self-regulation or the ability to modulate behavior according to the cognitive, emotional, and social demands of specific situations. Posner and colleagues defined three attentional networks-alerting, orienting, and executive-that underlie achieving and maintaining a state of high sensitivity to incoming stimuli, aligning attention with sources of sensory signals, and monitoring and resolving conflicts among thoughts and ideas [2, 3] .
The relationship between the development of attentional networks and the regulation of emotion has been emphasized very early in life from the perspective of temperament [4] . Temperament is defined as constitutionally based individual differences in reactivity and self-regulation in the domains of emotion, activity, and attention [5] . Recent evidence suggests that during infancy, control may involve primarily the brain's orienting attention network, including the parietal lobe and frontal eye fields [6] . The efficiency of this orienting network develops dramatically in the first year of life (e.g., [7] [8] [9] ). By 3 to 4 years of age, control may reflect more strongly a frontal executive attention network that involves the anterior cingulate and basal ganglia. During infancy, the external environment, including caregivers, seems to exercise much of the control, while older children and adults are guided by internal goals. There is also empirical evidence for this shift because early evidence of self-regulation during infancy (e.g., looking away and self-soothing) correlates with the orienting network as measured by the attention network test at age 7 [10, 11] .
The development of the orienting attentional network can be documented through tasks that measure the infant's ability to disengage from a location [12] . Johnson et al. [9] investigated individual differences in disengagement using a gap-overlap task and reported that those 4-month-old infants who disengaged more easily were less susceptible to distress and easier to soothe, as reported by their parents. In a gapoverlap task, a central fixation stimulus is presented prior to the appearance of a peripheral stimulus. The central fixation may remain on the monitor after the peripheral target is presented (the overlap condition), or it may disappear for a brief interval prior to the presentation of the peripheral stimulus (the gap condition). Between 2 and 4 months, the ability to disengage in the overlap condition develops very rapidly [13, 14] . The early development of the disengagement operation is of particular interest as it may play an important role in the early regulation of emotion (e.g., [15] [16] [17] [18] ).
Individual differences in the efficiency of the early orienting network have also been examined by applying a parent-completed measure of child temperament, the Infant Behavior Questionnaire Revised (IBQ-R; [19] ). Factor analyses of scale scores in IBQ-R yielded three broad factors of temperament in infants aged 3 to 12 months. As distinct from the two broad factors of Surgency and Negative Affect, a third factor called Orienting/Regulation was extracted. Furthermore, from toddlerhood and beyond, this same third factor likely represents the Effortful Control dimension in a series of behavioral questionnaires (such as the Early Childhood Behavior Questionnaire (ECBQ; [20] )) that measure the operation of the executive attention system [21] . Effortful Control refers to the ability to inhibit a dominant response in order to perform a subdominant response, detect errors, and engage in planning. Longitudinal studies using IBQ-R for infants and ECBQ for toddlers have revealed that Orienting/Regulation as assessed in infancy is related to levels of Effortful Control in toddlers [22] [23] [24] .
Rothbart et al. [4] noted that how infants are soothed might influence the development of connections between the orienting and executive networks. One such soothing technique involves distracting the infant by drawing his or her attention to novel objects. That is, novel objects presented by the caregiver might help the infant disengage attention from the current distress. Harman et al. [25] found that distress induced by experimental overstimulation in 3-and 6-month old infants could be remediated by the presentation of novel objects. Posner and Rothbart [12] suggest that during occasions where infants are momentarily soothed by distractions, caregivers train the infants to develop control over their emotions.
Regarding the effects of interchange with caregivers on the development of attention, Bornstein [26] reported that infants who processed visual information more efficiently (i.e., those who habituated more quickly) and had mothers who more frequently encouraged them to attend to properties, objects, and events in the environment were superior in verbal development during their second year and obtained higher scores on an intelligence test at 4 years of age. Akin to the results of Bornstein [26] , mothers who more frequently distracted their infant (i.e., encouraged him or her to disengage from current distress) by orienting his or her attention to novel stimuli during soothing might influence the child's future attentional control system. However, it is also reported that as soon as the infant's orientation to the novel object or event is lost, the infant's distress returns to the level shown prior to the presentation of the distractor [25] . Because there are anatomical reasons why the regulation of emotion may pose a difficult problem for a child [27] , soothing techniques aiming to distract or early approaches to emotion regulation might be different from the maternal encouragement of attention during times when the child is likely to be in a state of quiet or active alert, as assessed by Ruddy et al. [28] and Tamis-LeMonda and Bornstein [29] .
According to Panksepp [27] , rough-and-tumble play could also influence the development of temperament as a potential facilitator of Positive Affect. Rough-and-tumble play, which taps into the physical social engagement system, is a fundamental form of play that naturally leads to chasing, romping, and wrestling and is accompanied fairly consistently by Positive Affects, as signaled by joyous shrieking and laughter. Furthermore, as with the early affect control system, Panksepp [30] suggests that without adequate play (i.e., rough-and-tumble play), self-control and other executive functions may not properly mature. As our previous study investigated the relationship between rough-and-tumble play and temperament in toddlers [31] , in the present study, we study this relationship from infancy longitudinally.
Our goal is to examine the influence of how infants are soothed on the early development of the attentional regulatory capacity in light of temperament. We longitudinally administered temperament questionnaires (IBQ-R and ECBQ) together with questionnaires assessing the soothing methods used by parents and the type of play accompanied by Positive Affect, including smiling and laughing. We hypothesized that children whose mothers more frequently present distractors during soothing or who are involved in more rough-and-tumble play will have higher Effortful Control scores on the ECBQ at 24 months.
Method

Participants.
We recruited a sample of caregivers with infants between 3 and 4 months of age from the community in Nagoya, Japan's third largest industrial metropolis in the center of the country. According to the 2010 national census under the control of Ministry of Internal Affairs and Communications, its total population is 2,263,894, spread over 326.43 km 2 . The 2010 national census also shows that 75.5% of the working population is employed in the tertiary sector of the economy (also known as the "service sector"), with the remainder working in the manufacturing sector (24.3%), or the agriculture, forestry, or fishery sectors. According to a 2012 dataset under the control of Ministry of Health, Labor, and Welfare, 2.1% of children born in Japan were born out of wedlock. In the present study, 100% of the caregivers were Japanese.
We asked caregivers to take part in this investigation of their infants' temperaments while they were visiting public health centers for their infants' routine 3-month medical examination, which is offered free of charge by municipalities in Japan and where a height and weight measurement, an internal medicine medical examination, and a child-care consultation are conducted. Caregivers with twins were not included. We provided questionnaires to 247 caregivers who agreed to participate at 4 months, with further questionnaires subsequently mailed to the participants' homes at 8 months (242 caregivers), 12 months (235 caregivers), 18 months (226 caregivers), and 24 months (217 caregivers). The caregivers were primarily female (98%), except for two males and one unknown, and the infants consisted of 96 boys and 93 girls. Only families with healthy full-term infants and for whom we had complete questionnaires at all five assessment points were eligible for the current analysis, resulting in a total of 189 caregivers in the sample, with an average age 30.17 (SD = 8.52). At the start of the study, about 56.6% of the children in the sample were first-born, 34.9% second-born, 7.9% third-born, and 0.5% fourth-born, with 8.4% of children experiencing the arrival of a younger sibling in their first two years. Participants responding five times over the course of the study were given a book token worth 5,000 yen (approximately $50).
Temperament Questionnaires
Infant Behavior Questionnaire Revised (Japanese IBQ-R [32] ). This 191-item parent report instrument, which is designed for children between 3 and 12 months of age, contains 14 subscales that yield three broad factors: (a) Surgency, which includes activity level, approach, high-intensity pleasure, perceptual sensitivity, smiling and laughter, and vocal reactivity as subscales; (b) Negative Affect, which includes distress to limitations, fear, sadness, and the negatively loaded falling reactivity as subscales; and (c) Orienting Control, which includes duration of orienting, soothability, cuddling/affiliation, and low-intensity pleasure.
Early Childhood Behavior Questionnaire (Japanese ECBQ [33] ). This 201-item measure contains 18 subscales, which also yield three overarching factors: (a) Surgency, which includes impulsivity, activity level, high-intensity pleasure, sociability, and positive anticipation as subscales; (b) Negative Affect, which includes discomfort, fear, sadness, frustration, motor activation, perceptual sensitivity, shyness, and the negatively loaded soothability as subscales; and (c) Effortful Control, which includes inhibitory control, attention shifting, lowintensity pleasure, cuddling, and attention focusing as subscales. The ECBQ is designed for children between 18 and 36 months of age.
Caregivers were asked to report the frequency of specific child behaviors on a 7-point Likert-style scale ranging from 1 ("never") to 7 ("always"), in the past week for the IBQ-R and in the past two weeks for a portion of the IBQ-R (two weeks for less frequent events during the first year) and the ECBQ. Adequate internal consistencies (Cronbach's alpha) for both questionnaires were reported in Nakagawa and Sukigara [32] and Sukigara et al. [33] . Based on our previous data, scalebased and item-based alphas for the IBQ-R factors were .838 and .943 for Surgency, .627 and .899 for Negative Affect, and .510 and .734 for Orienting/Regulation. Corresponding alphas for the ECBQ were .620 and .875 for Surgency, .751 and .913 for Negative Affect, and .654 and .893 for Effortful Control.
Soothing Method Questionnaire. The caregivers were given 20 situations in which children would show Negative Emotionality and asked to select one of five choices describing the behavior they might opt for in each situation: (a) cuddling/giving love; (b) distracting/attracting the child's attention to a novel object or event; (c) giving drinks or snacks; (d) waiting for the child to quiet down without assistance; and (e) not soothing the child because he or she does not cry or grumble. Of the 20 situations, two are related to physical pain (e.g., "if your child starts crying when given an injection"), four to fear (e.g., "if your child cries when he or she is startled by loud noises (such as a fire truck siren) "), eight to frustration (e.g., "if your child gets irritated when being told that it is time for bed or a nap"), five to sadness (e.g., "if your child becomes sad when you say NO"), and one to discomfort (e.g., "if your child seems to be bothered by sounds in noisy environments"). These situations were related to items in Nakagawa and Sukigara [31] . Frequencies for each of the five choices were calculated per respondent.
Type of Play Questionnaire. The caregivers were given one A4-sized sheet illustrating 34 frequent play activities, including five rough-and-tumble plays (i.e., jumping with support on both sides, chasing, tickling, being lifted up, and being rolled over). They were asked to choose up to five forms of play that make their child laugh out loud, as children should be smiling or laughing while engaged in rough-and-tumble play. For each choice, they were asked to assess the frequency of such play (a: frequently, b: sometimes, c: occasionally).
Results
Temperament, Play, and Soothing Method Questionnaires.
Means and standard deviations for IBQ-R or ECBQ scores for the temperament-related factors at each age are shown in Table 1 . There were significant age effects (within subject) on all three temperament scores (Surgency: F (4, 752) = 256.6, Negative Affect: F (4, 752) = 91.7, Orienting/Effortful Control: F (4, 752) = 105.1, < .001). Older infants obtained higher scores on Surgency. Negative Affects also increased in the first year of life. However, younger infants' scores were higher for Orienting/Effortful Control. These tendencies were consistent with previous studies [19, 20] .
Based on the questionnaire for type of play, we divided participants into rough and nonrough groups such that if the first two choices included any rough-and-tumble activities (i.e., jumping with support on both sides, chasing, tickling, being lifted up, or being rolled over) evaluated to occur frequently, these cases were categorized into the rough group, with the remainder of cases categorized into the nonrough group. Table 1 also shows the percentage of participants in each group. We found a significant effect of age ( 2 = 96.7, = 4, < .001). Throughout the first year of life, more than half of the participants were categorized into the rough group. Then as toddlers become able to enjoy a rich variety of play, the percentage in the rough group decreased. The top six play activities in terms of total frequency for each play at each age are presented in Table 2 . We included a maximum of three choices per caregiver as most participants gave only three responses on the questionnaire. Tickling is recognized as a typical playful situation, with laughter occurring across all ages.
Choice ratios for the 20 questionnaire items assessing five different soothing methods were calculated per respondent (%). Table 3 presents each mean choice for all 189 participants at each age. To deal with the uneven distribution, an arcsin transformation was applied to the data. Following a onefactor ANOVA, the main effect of age (within subject) was significant for all choices, from (a) to (e): F (4, 752) = 2.40, < .05; Fs (4, 752) = 48.33, 3.54, 47.53, 52.95, < .01). Choice (b) (distracting/attracting the child's attention to a novel object or event) increased during the first year of life. Activity (c) (giving drinks or snacks) is the least applied at 4 months. Choice (d) (leaving him/her as he/she is) gradually increased, while choice (e) (not soothing the child because he or she does not cry or grumble) decreased with months of age.
Relationships between Soothing Method, Type of Play, and
Temperament. A path analysis was conducted using Amos software (ver. 16) to clarify the relationships between soothing method, type of play, and temperament (Surgency, Negative Affect, and Orienting/Effortful Control) across the 4-to 24-month longitudinal data. With regard to soothing method, the index of cuddling/giving love or distracting refers to the sum of ratios (following an arcsin transformation) of choices (a) or (b) at 4 months, 8 months, and 12 months. Frequencies for inclusion in the rough group were calculated from 4 months through to 12 months. That is, if the child was classified as belonging to the rough group three times (at 4, 8, and 12 months), he or she was evaluated as 3 (range: 0-3). When we checked for multivariate normality using Mardia's test [34, 35] , both skewness and kurtosis values did not indicate multivariate normality. Using robust estimates of Mahalanobis distances, multivariate outliers ( = 9) were removed, following which Mardia's coefficient indicated multivariate normality, as follows: skewness (6.03, 2 = 180.90, = .18) and kurtosis (97.54, = −0.69, = .48). The chi-square probability plot for our data ( = 180) is shown in Figure 1 .
The hypothesized model ( Figure 2 ) was designed to investigate the paths from temperament scores at 4 months to those at 24 months, considering effects of soothing method and rough-and-tumble play. The Bentler comparative fit index (CFI) was 0.957, and the root mean square error of approximation (RMSEA) value was .046. As expected, Surgency, Negative Affect, and Orienting/Effortful Control were highly stable throughout infancy and toddlerhood, even though temperament questionnaire scores changed between 12 and 18 months.
We found that the extent of giving love or cuddling could result from the degree of Negative Affect and Surgency shown by the infants, with a b weight of .19 and .23, respectively. The frequency of giving love or cuddling appears to influence the development of Negative Affect, with a b weight of .14. Similarly, caregivers' use of distraction in infancy contributed to higher Negative Affect at 24 months, with a b weight of .16, as it was elicited by Surgency, with a b weight of .20. In addition, consistent with our previous study [31] , we found a relationship between rough-and-tumble play and temperament such that rough-and-tumble play in infancy had a positive effect on Surgency at 24 months, with a b weight of .15. The degree of Surgency at 4 months may also have contributed to the frequency of rough-and-tumble play, with a b weight of .21. To test the significance of two indirect effects, the RMediation software [36] was used to examine 95% confidence intervals (CIs) for each of the two-path indirect effects. 
Relationship between the Situation and Soothing Methods.
To clarify the situation linked to the caregivers' use of distracting soothing for further studies to investigate the effect of distraction method, we performed correspondence analyses on data from the soothing method questionnaire at all five assessment points. The eigenvalues for the first three principal axes were .535, .411, and .350, with cumulative contribution rates of .432, .690, and .876, respectively. Figures 3 and 4 show the scatter plots of twenty situations for children's Negative Affect for each age and soothing categories on a two-dimensional map. In Figure 3 , these are presented with Dimension 1 on the horizontal axis and Dimension 2 on the vertical axis. In Figure 4 , Dimension 1 is on the horizontal axis and Dimension 3 is on the vertical axis. Each of five red letters (a-e) with a red outline circle indicates the five soothing methods, while "n" stands for "no answer. " The other five colored markers indicate each situation corresponding to the questionnaire items: D for discomfort, Fe for fear, Fr for frustration, P for physical pain and S for sadness. For each age, these 20 markers were plotted with a small number of months of age. In Figures 3 and 4 , the horizontal direction of the plot (the first dimension) divides situations according to caregivers' sympathetic reactions to their infants' negative expressions. The situations on the left are associated with giving love or cuddling, while situations on the right are associated with less sympathetic responses such as distracting, ignoring, or turning away from the child. Situations linked to physical pain or fear are also represented at the left pole on the first dimension. Turning to the vertical direction (the second dimension) in Figure 3 , the categories of no response or not soothing the child as he/she does not cry/grumble are at the higher pole. The rest of the soothing categories are at the lower pole. As the markers for 4 months are at the upper pole and those for 24 months are generally at the lower pole, the second dimension could reflect the children's biological maturity concerning engaging in situations. In Figure 4 , the vertical direction (the third dimension) divides situations according to whether caregivers interact with infants actively. The lower pole reflects situations relating to active attempts to soothe, such as distracting, with some compassion, while the higher pole reflects situations relating to limited caregiverchild interaction, such as leaving the child as he or she is when he or she gets upset after asking for something and being told NO. Thus, distraction and ignoring or turning away are located at the lower and higher poles of the third dimension, respectively.
Discussion
In accord with recent discussions of the primary role of orienting as a control method in early life [4, 10] , Figure 2 shows a strong correlation between parental reports of orienting in infancy and later reports of their child's Effortful Control.
In an effort to understand the effect of interchanges with caregivers on the early development of temperament, we longitudinally examined the soothing behaviors used by caregivers as well as rough-and-tumble play along with three dimensions of infant or toddler temperament: Positive Emotionality/Surgency, Negative Emotionality, and Orienting/Effortful Control. Consistent with prior studies, we found theoretical and conceptual continuity in temperamental factors across the IBQ-R and ECBQ data (Figure 2 ). We also found interchange effects of caregivers and infants on the development of Positive and Negative Emotionality at 24 months. Contrary to our expectations, we found no effects of distracting soothing methods or rough-and-tumble play on the development of the temperament-regulating capacity or Effortful Control, at least at 2 years of age.
As mentioned above, caregivers' frequent use of distracting behavior during infancy (Figure 2 ) is associated with higher Negative Affect in toddlers at 24 months. As Figure 4 suggests, the technique of distracting or attracting the child's attention to a novel object or event (choice b) is linked to situations of frustration, in which infants who have been more frequently soothed by distracting methods may have experienced frustration more often. Through experiences in which things are not going as the child expects, he or she may learn how to regulate his or her feelings. Age of 24 months is the so-called "terrible twos, " during which toddlers often express powerful raw emotions directly. It is reported that the peak of temper tantrums is at 17-24 months [37] . One possibility is that strong negative feeling at 24 months may be related to later self-regulation or high Effortful Control, since Kopp [38] noted that the peak of negative behavior occurs at "about the time of heightened consciousness of self. "
The above conclusion may be supported by the contribution of Surgency to both cuddling or giving love (choice a) and distracting or attracting the child's attention to a novel object or event (choice b). That is, as infants with strong surgent tendencies become able to crawl and move about, they create opportunities for experiencing distress or frustration, which may bring about parents' soothing behaviors such as choices (a) or (b). As cuddling or giving love behaviors are also positively related to Negative Affects at 24 months, it is suggested that early soothing behaviors by caregivers raise Negative Affects rather than influence emotional regulation at 24 months. These results remind us that early components of Negative Affects such as anger, frustration, or fear predict later guilt or shame [39, 40] . As Negative Affects and Effortful Control are two dimensions of temperament that mediate the internalization of moral behavior [12] , looking at relations between them in older children would be worthwhile.
We found that positive emotionality in infancy elicits rough-and-tumble play with caregivers, which is linked to higher Surgency scores at 24 months. This is partly consistent with our previous longitudinal study of toddlers (from 18 months to 36 months), which found that frequency of tickling is positively correlated with high-intensity pleasure and attention focusing scores on the ECBQ [31] . However, the present study does not support the possibility that children involved in more rough-and-tumble play will show earlier and better development of frontal executive functions [30] . As the participants in previous studies of rough-and-tumble play (e.g., [41, 42] ) were preschoolers, and as this is the first attempt to investigate infants' rough-and-tumble play, it is possible that the present participants were too young for us to examine a possible effect of such play.
The current findings concerning soothing methods and situations ( Figures 3 and 4) are consistent with previous reports that shifting attention toward an object may not be appropriate when infants are at the highest levels of distress [43] . Physiological pain (e.g., from an injection) or stimuli related to being startled (e.g., a wailing siren) are strongly linked to cuddling/giving love (choice a). Conversely, reorienting or self-distracting behavior was not effective at high levels of negative reactivity [18] . Regarding the third dimension, some situations that include objects such as toys seem to be spontaneously linked to the technique of distracting or attracting the child's attention to a novel object or event (choice b). Leaving the child as he or she is (choice d) applied less frequently in young infants and seems to be linked to situations where the infant is angry, consistent with Huebner and Izard [44] . To assess distracting as a soothing method, situations that cause some negative feelings in infants related to the interruption of ongoing tasks or to something the infant does not like may be applicable.
The present study examined whether connections between the orienting and executive networks are influenced by how infants are soothed by their mothers. At the same time, we investigated the effect of rough-and-tumble play on the early development of temperament. Although the results of our soothing questionnaires are consistent with previous studies (e.g., [18, 43, 44] ), the hypothesized role of parental soothing in the emergence of Effortful Control was not supported, at least at 2 years old. However, our sample size was rather small, and a larger sample size would provide greater statistical power. Furthermore, future investigations should include not only parent-reported questionnaire data but also laboratory observations or naturalistic home observations as each of these methods has advantages as well as disadvantages [45] . Elucidating how infants and caregivers jointly contribute to the development of temperamental control could inform early interventions for children at risk of poor emotional or behavioral regulation.
